Resistance in experimental cutaneous leishmaniasis has been correlated to an influx of lymphocytes to the lesion, whereas very few lymphocytes are observed in susceptible animals (McElrath et al. 1987) . Activation of macrophages by T lymphocytes or its products is thought to be the most important host defense mechanism in leishmaniasis. Several in vitro models have shown the destruction of different leishmanial strains inside macrophages stimulated with lymphokines, such as interferon-y (Nathan et al. 1983 ), or directly activated by contact with lymphocytes (Panosian et ' Present address: Department0 de Patologia, Universidade Federal do Ceara.
' To whom correspondence should be addressed at Seattle Biomedical Research Institute, 4 Nickerson St., Seattle, WA 98109. al. 1984) . Recently the lysis in vitro of the parasitized cell by lymphocytes has also been described (Pham and Mauel 1987) . The relative importance of such mechanisms in vivo has not been evaluated.
Although local reactions are heterogeneous and dynamic, histopathological changes such as necrosis, granuloma formation, and fibrosis have been correlated with protection in humans (Ridley and Ridley 1983) or experimental leishmaniasis comparing resistant and susceptible mouse strains (Andrade et al. 1984) . It is difficult, however, to discriminate factors involved in resistance from those merely reflecting diverse genetic backgrounds but not implicated in specific protection. Such difftculty may be overcome by using the same mouse strain altering its susceptibility to leishmania. Extremely susceptible BALB/c animals may be rendered partially resistant to leishmanial infection by intravenous immunization (Howard et al. 1982 ). Using such immunization models for protection against Leishmania amazonensis we have observed different histological pictures after 7 weeks of infection between immunized mice and their susceptible counterparts (Barral-Netto et al. 1987) . In this report we investigate in detail at the ultrastructural level the differences between these animals regarding the mechanisms of parasite destruction MATERIAL AND METHODS Animals. Ten-to fourteen-week-old BALB/c mice were obtained from our own colony.
Parasites. Leishmania amazonensis (MHOM/BR/ 76/ Josefa) was used for both infection and antigen preparation. This strain was typed by serodeme and zymodeme analysis, and its behavior in mice has been previously described (Andrade et al. 1984) . For immunization stationary-phase promastigotes were solubilized with 0.5% NP-40 and 0.25% sodium deoxycholate, in the presence of protease inhibitors as reported elsewhere (Barral-Netto er al. 1987) . Concentration of the antigen is expressed as parasite equivalents per milliliter.
Immunizarion and infection. Mice were immunized intravenously with 3 doses of 5 x 10' parasite equivalents at weekly intervals. One week after the last immunizing dose mice were challenged subcutaneously in the right hind foot-pad with 5 x lo6 viable stationary-phase promastigotes. Foot-pad thickness was measured periodically with a dial gauge caliper (C. Starret, Athol, MA), and the difference between the infected and contralateral foot-pad was expressed as lesion size (in milliliters).
Tissue processing. Small fragments from the lesion of four animals per group were obtained at 4, 7, or 10 weeks following infection. The tissue was immediately fixed and processed for electron microscopy as described (Barral-Netto ef al. 1987) , and other fragments were processed for optical histology being stained in Hematoxilin-Eosin.
Pathologic examination. Criteria used for macrophage activation were presence of microvili and pinocytotic vesicles, expansion of the cytoplasm with a larger number of organelles, decrease of the heterochromatin ring, presence of evident nucleolus, and an increase in number and size of the lysosomes (Papadimitriou and Spector 1971; Black and Epstein 1974; Crawford and Hardwicke 1978; Turk et al. 1978 ; Van der Rhee ef a [. 1979; Adams 1976; Adams and Hamilton 1984) . Indicators of parasite damage or lysis were those described in the literature as increase in the number and size of multivesicular bodies and lipid goticles, marked dilatation of endoplasmic reticulum, mitochondria, or flagellar pocket, decrease in ribosome number, and rupture of the plasma membrane (Wet-y and De Groodt-Lasseel, 1966; Alexander and Vickerman, 1975; Hentzer and Kobayase, 1977; Sandbank and Ben-David, 1979) .
Quantitative analysis of inflammatory cells. Evaluation of the frequency of cells in the lesion, and their interaction with the parasite, was performed using ultrathin sections with a differential count of 100 to 200 inflammatory cells for each animal. The area(s) where the cells were counted was representative of the histological picture for each animal as indicated by examination of the semi-thin sections.
RESULTS
Immunized mice were able to control the progression of L. amazonensis infection and developed much smaller lesions than unimmunized animals (Fig. 1) . Lesions of unimmunized animals exhibited a continuous increase in the percentage of infected macrophages (as a percentage of total cells in the inflammatory infiltrate) reaching 40.3% at 10 weeks postinfection, whereas immunized animals had between 14.7 and 17.1% from 3 to 10 weeks postinfection (Fig. 1) . At up to 4 weeks of infection lesions of immunized animals exhibited a histological pattern undistinguishable from their unimmunized counterparts; at this time lesion size was also very similar in both groups. The only difference observed was in the frequency of activated macrophages. Activated macrophages (Figs. 2a and 2e) were seen more frequently in the immunized group, whereas nonactivated macrophages (Fig. 2b) were predominantly observed in unimmunized animals. Signs of macrophage activation were observed in 32.5% of macrophages in the immunized group, whereas only 17.1% of macrophages exhibited such aspects in unimmunized animals at 4 weeks of infection (Fig. 3, upper panel) .
After the seventh week postinfection, when differences in lesion size were apparent between the two groups of animals, the histological pattern reflected such differences. Unimmunized infected controls exhibited the classical monomorphic reaction, composed almost exclusively of vacuolated and heavily parasitized macrophages. The histological picture observed in the immunized group, at this period of infection, comprised a mixed cell inflammatory reaction with scarcely parasitized macrophages and lymphocytes. At the 10th week postinfection a similar, only more marked, pattern was observed in both groups.
Immunized animals exhibited a continuous increase in the percentage of activated macrophages (Fig. 3, upper panel) and in the presence of cell destruction (Fig. 3 , lower panel), whereas in lesions from unimmunized animals these findings remained constant (Fig. 3, upper and lower panels) .
Both well-preserved (Fig. 2c ) and damaged (Fig. 2d) parasites were observed inside macrophages. Parasite damage was observed in three main situations. The most frequent damage was the destruction of the parasitized macrophage (Figs. 2f and 4a ). Such cells were in close contact with lymphocytes (Fig. 4b) , eosinophils (Figure 4c) , and occasionally other mononuclear cells with abundant rough endoplasmic reticulum, resembling epithelioid cells. Sometimes the signs of damage were more pronounced in the host cells than in the parasite. It was also observed the presence of amastigotes at the extracellular space, probably released from ruptured macrophages. All parasites seen in the extracellular space were damaged and were surrounded by small foci of granulocytes, with the presence of eosinophils (Figs. 4d and  4e) . Extracellular parasites were damaged even when no cell was observed in their vicinity.
The third situation where parasite destruction was observed occurred in the interior of the activated macrophage (Fig. 4f) . Such observations were more prominent in the immunized group, which exhibited almost 90% of its macrophages with signs of intense activation after the seventh week of infection, than in unimmunized animals. Despite the widespread, and intense, macrophage activation observed in the lesions of immunized animals many parasites remained in their interior without signs of damage, and intramacrophage parasite destruction was less frequently seen than the lysis of the parasitized cell in protected animals.
DISCUSSION
The observations made in the present study clearly demonstrated that histological aspects reflect, and indicate, the course of leishmanial infection in genetically homogeneous mice. The observation of the initial signs of macrophage activation slightly preceded any measurable macroscopical difference between immunized or unimmunized BALB/c infected with Leishmania amazonensis. The increased differences in lesion size between the two groups of animals were paralleled by markedly divergent histological patterns.
Since histological aspects reflect so well the course of infection in these animals it seems probable that the frequency of ob- served parasiticidal aspects also reflects the importance of the operative in vivo mechanisms. According to this line of reasoning the destruction of leishmania in the protected animals occurs largely by the destruction of the parasitized macrophage. Macrophage activation, and intracellular parasite destruction, seems also to be an important in viva protective mechanism, as suggested by in vitro studies.
The importance of CD8+ T cells has been demonstrated in L. major-infected mice (Titus et al. 1987; Hill et al. 1989 ) and particularly in immunized BALB/c mice, in which anti-Lyt-2 treatment abrogated the induction of resistance (Farrell et al. 1989) . Such findings correlate with in vitro observations of the lysis of leishmania-infected macrophages by specifically sensitized lymphocytes (Pham and Mauel 1987) . These findings had already made clear the possibility of parasitized cell destruction being a way of controlling intracellular microbial infections, but there were few indications of its occurrence in real in vivo situations (Hancock ef al. 1989) , and how relevant this mechanism was as compared to others, such as macrophage activation. Our data give support to the idea of parasite elimination via macrophage destruction being an important element of host protection in murine cutaneous leishmaniasis. Both macrophage activation and lysis of the infected cells occur during leishmaniasis, and based on histopathological evidences, they are important mechanisms of parasite elimination, leading to protection against leishmania1 infection in mice.
